on behalf of the PURE (Prospective Urban Rural Epidemiology) study in China* Background--The predictive value of adiposity indices and the newly developed index for cardiometabolic risk factors and cardiovascular diseases (CVDs) remains unclear in the Chinese population. This study aimed to compare the predictive value of A Body Shape Index with other 5 conventional obesity-related anthropometric indices (body mass index, waist circumference, hip circumference, waist-to-hip ratio, waist-to-height ratio) in Chinese population.
adjusted life-years. 6, 7 In China, the prevalence of overweight and obesity was 30.1% and 11.9%, respectively, in 2002, and increased to 32.0% and 67.6%, respectively, in 2012. 8 In every 100,000 people, it was estimated that about 49 men and 34 women died from obesity. 7 BMI ≥30 kg/m 2 is a widely used indictor for defining general obesity in a non-Chinese population, and waist circumference (WC) >90 cm for men (80 cm for women) is a cutoff measurement of abdominal obesity recommended by the WHO. 9, 10 Many epidemiological studies investigated the predictive value of BMI for cardiometabolic risk factors and cardiovascular events and consistently showed that BMI had a lower discriminatory power than WC and waist-to-height ratio (WHtR) to distinguish individuals with high muscle mass from those with excess fat or abdominal obesity. [11] [12] [13] [14] [15] Two systematic reviews indicated that WHtR was a better predictor for cardiometabolic risk factors and CVDs than BMI and WC, 16, 17 but the results had significant heterogeneities as they identified more than 30 studies covering 15 ethnic populations.
A Body Shape Index (ABSI) is a new comprehensive adiposity index combining BMI and WC, which was developed by Krakauer in 2012, showing a better predictive value for mortality and CVDs than that of BMI or WC in whites. [18] [19] [20] [21] ABSI has also been adopted by several small Asian studies (Indonesia, Iran, and China) to investigate the association with hypertension, mortality, and metabolic syndrome, [22] [23] [24] but none of these previous studies examined the association with CVDs and there is a lack of knowledge on the predictive value of ABSI for cardiovascular risk factors among the Chinese population. In addition, there has been no research comparing the discriminatory power between ABSI and other anthropometric measurements for cardiometabolic risk factors and CVD risk in a single large Chinese population.
This study aimed to compare the predictive value of a newly developed ABSI in a large Chinese population with other 5 conventional obesity-related anthropometric indices (BMI, WC, hip circumference [HC] , waist-to-hip ratio [WHR] , and WHtR) for predicting cardiometabolic risk factors and CVDs. The optimal thresholds of these anthropometric indices were also evaluated.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Enrollment of Participants
Participants in this study were a subset of Chinese subjects who were enrolled from the baseline survey of the PURE (Prospective Urban and Rural Epidemiology) study during [2005] [2006] [2007] [2008] [2009] . PURE is a large prospective cohort of 153 996 individuals enrolled from 628 urban and rural communities in 17 low-, middle-, and high-income countries including China. [25] [26] [27] Being a major partnership of PURE, PURE-China recruited 46 285 subjects (aged 35-70 years) from 115 communities (70 urban and 45 rural) in 12 provinces in China, representing various levels of development and encompassing a large sociocultural diversity. 28, 29 The PURE-China cohort study was approved by an institutional review committee and all participants gave informed consent. For the current analyses, we excluded participants without anthropometric indices (n=715; 1.5%) or blood sample data (n=1522; 3.3%). Thus, 44 048 participants were included in this study.
Data Collection
Trained research staff interviewed each participant using standardized questionnaires and collected information on demographic data, lifestyle behaviors (such as physical activity level and energy intake), and medical history. 30 Physical activity was obtained using the International Physical Activity Questionnaire and evaluated in metabolic equivalents. 31 Daily energy intake was assessed using a validated Food Frequency Questionnaire. 32, 33 Clinical Perspective What Is New?
• We compared different anthropometric measurements of both traditional and a newly built index in a large Chinese population. • We found that waist-to-height ratio outperformed body mass index, waist circumference, hip circumference, waist-to-hip ratio, and A Body Shape Index in predicting the presence of cardiovascular diseases and most cardiometabolic risk factors. • The exception was that waist circumference was the best predictor of abnormal blood pressure.
What Are the Clinical Implications?
• Waist-to-height ratio may be a more convenient and effective primary index to predict cardiovascular diseases and its risk factors. • A growing body of evidence supports that avoidance of abdominal obesity is the prioritized primary prevention strategies for cardiovascular diseases, along with control of other major cardiometabolic risk factors.
Anthropometric Measurements
Anthropometric measurements were collected by trained staff following standard procedures. Height was measured to the nearest 0.1 cm without shoes using a standard stadiometer. Weight was measured in subjects wearing light indoor clothing to the nearest 0.1 kg using a rigid measurement device. WC was measured to the nearest 0.1 cm at the midpoint between the lowest rib margin and the level of the anterior superior iliac crest by a flexible anthropometric tape. HC was measured to the nearest 0.1 cm at the greatest protrusion of the gluteal muscles. WHR and WHtR were calculated as WC/HC and WC/height, respectively. ABSI was calculated using the following formula: WC BMI 2=3 Height 1=2 . 18 Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured 2 times after resting for 5 minutes in the sitting position using an OMRON blood pressure (BP) monitor. If there was a difference >5 mm Hg, measurements were repeated.
Definitions of Outcomes
Dyslipidemia, abnormal BP, and hyperglycemia were considered cardiometabolic risk factors. Dyslipidemia was defined by criteria of the 2016 Chinese guidelines for the management of dyslipidemia in adults. 34 Dyslipidemia was defined if any of the following blood lipid measurements were abnormal: total cholesterol ≥5.2 mmol/L; low-density lipoprotein cholesterol ≥3.4 mmol/L; high-density lipoprotein cholesterol ≤1.0 mmol/L; or triglycerides ≥1.7 mmol/L. Abnormal BP was defined as self-reported hypertension or SBP ≥120 mm Hg and/or DBP ≥80 mm Hg. 35 Participants were regarded as being hyperglycemic if they had self-reported diabetes or a recent laboratory result of fasting blood glucose level ≥5.6 mmol/L. 36 Self-reported physician-diagnosed CVDs included coronary heart disease, heart failure, and other CVDs (arrhythmia, valvular heart disease, cardiomyopathy, and myocarditis).
Statistical Analyses
Continuous data were reported as means and SDs and categorical data as frequencies with proportions. Means and proportions were compared using 2-sided t tests and v 2 , respectively. Three different logistic regression models were used to evaluate standardized (per 1-SD increase) associations of obesity-related anthropometric indices with cardiometabolic risk factors and CVDs. Odds ratios (ORs) were standardized by using transformed observations [(observa-tionÀmean)/SD] in the models. Potential confounding factors to be adjusted in the multiple regression models were sociodemographic variables (age, sex, regions, location, and education levels), lifestyle characteristics (physical activity and daily energy intake), self-reported disease history, and family history of chronic diseases. Missing adjusted factors were imputed by maximum frequency for statistical analysis. We also performed sensitivity analysis for original data (Tables S1 through S5) and found that the results remained consistent.
For each index, receiver operator characteristic (ROC) curve analysis was used to identify the value with the maximum sum of sensitivity and specificity as a predictor of cardiometabolic risk factors and CVDs. The optimal cut point for each measure of adiposity in detecting cardiometabolic risk factors was chosen as the point on the curve with the highest Youden Index (sensitivity+specificityÀ1). Furthermore, we performed 2 subgroup analyses based on sex and age group. All reported P values were 2-sided and <0.05 was considered significant. All analyses were performed in SAS version 9.4 (SAS Institute Inc).
Results
Demographic data of 44 048 eligible participants included in the current study are presented in Table 1 . There was a statistically significant difference between participants with and without CVDs with respect to age, sex, living area, education, lifestyle characteristics, and family disease history. People with CVDs had significantly higher anthropometric indices (P<0.001) and laboratory indicators than those without CVDs.
The associations between anthropometric measurements and cardiometabolic risk factors and CVDs are illustrated in Table 2 . Higher levels of adiposity were associated with greater risks of cardiometabolic risk factors and CVDs in both the univariable and multivariable models (P<0.001). The standardized adjusted ORs for dyslipidemia, abnormal BP, hyperglycemia, and CVDs ranged from 1.284 to 1.674, from 1.150 to 1.879, from 1.064 to 1.343, and from 1.176 to 1.353, respectively. WHtR showed a higher OR than BMI, WC, HC, WHR, and ABSI for all cardiometabolic risk factors and CVDs. Table 3 presents the AUCs (95% CIs) and optimal cut points for anthropometric measurements in relation to cardiometabolic risk factors and CVDs. The discriminatory ability of the anthropometric indices in identifying cardiometabolic risk factors and CVDs was not high. Compared with other cardiometabolic parameters, WHtR tended to be the best predictor for dyslipidemia (AUCs: 0.646, sensitivity 65%, specificity 44%, cutoff point: 0.49), hyperglycemia (AUCs: 0.595, sensitivity 60%, specificity 45%, cutoff point: 0.50), and CVDs (AUCs: 0.619, sensitivity 59%, specificity 41%, cutoff point: 0.52). WC showed the best prediction for abnormal BP (AUCs: 0.671, sensitivity: 66%, specificity: 40%, cutoff point: 78.20 cm). In this study, because of its higher specificity (from 39% to 57%) than other indices, the ABSI did not show better prediction (AUCs: from 0.540 to 0.597, cutoff point: from 0.75 to 0.77 m 7/6 /kg 2/3 ), even if its sensitivity was similar to that of the other indices (from 53% to 64%). Table 4 compares the standardized ORs for each anthropometric measurement stratified by sex and age groups. For each index, the standardized OR for men was higher than for women. WHtR still showed a higher standardized OR than that of BMI, WC, HC, WHR, and ABSI for each cardiometabolic risk factor and CVDs for both men and women. For each anthropometric index, the ORs for middle-aged people were higher than for the elderly except for HC in the association with abnormal BP. WHtR showed the highest OR for each cardiometabolic risk factor and CVDs in both middle-aged and elderly people. AUCs for men and women and cutoff points for each parameter are demonstrated in Table 5 . For men, WHtR is likely the best predictor for dyslipidemia (AUCs: 0.636, sensitivity: 70%, specificity: 45%, cutoff point: 0.49) and CVDs (AUCs: 0.622, sensitivity: 58%, specificity: 39%, cutoff point: 0.52) and BMI for abnormal BP (AUCs: 0.656, sensitivity: 61%, specificity: 38%, cutoff point: 23.71 kg/m 2 ) and hyperglycemia (AUCs: 0.595, sensitivity: 59%, specificity: 44%, cutoff point: 24.28 kg/m 2 ). However, in women, WC was superior for dyslipidemia (AUCs: 0.669, sensitivity: 63%, specificity: 43%, cutoff point:78.0 cm) and WHtR for abnormal BP (AUCs: 0.674, sensitivity: 62%, specificity: 36%, cutoff point: 0.50), hyperglycemia (AUCs: 0.601, sensitivity: 61%, 
Discussion
Using baseline data from a large prospective cohort study among Chinese participants, we found strong evidence for a positive association between obesity-related anthropometric indices and cardiometabolic risk factors and CVDs, but these measures had only moderate discriminatory ability for predicting these cardiometabolic risk factors. The results of this study indicated that markers of central obesity measured by WHtR were more strongly related to dyslipidemia, hyperglycemia, and CVDs risk than BMI.
The strong associations shown in this study between obesity-related indices and cardiometabolic risk factors and CVDs were consistent with previous studies from both the developed and developing countries. [11] [12] [13] 15, [37] [38] [39] In this study, when calculating ORs that allow adjusting for further confounding factors, WHtR showed a slightly stronger association with all cardiometabolic risk factors and CVD risk than that of any other indices. Possibly, WHtR takes height into account, which is more sensitive to muscle mass distribution and has a better interpretation on the whole body shape. Men showed higher ORs than women in this study, which is similar to that found in previous studies 21, 40 on the association between obesityrelated indices and cardiometabolic risk factors and CVDs. This could be partially explained by other modified risk factors (ie, smoking or drinking) and the diversity of fat and muscle distributions. We found that in middle-aged people, anthropometric indices had stronger associations with cardiometabolic risk factors and CVDs. The gain of fat mass and loss of lean mass with increasing age may interpret the differences. 41, 42 Two previous reviews of meta-analyses combining 30 and 31 studies indicated that WHtR was a better predictor for cardiometabolic risk factors and CVD risk than BMI and WC. 16, 17 Our results also indicate that WHtR may be the best index to predict dyslipidemia, hyperglycemia, and CVD risk compared with all other anthropometric parameters. This may be explained by the fact that WHtR does not misclassify muscular but low body fat individuals as BMI does. However, we found WC was a slightly better predictor for abnormal BP. WC is regarded as a visceral fat indicator and reflects both lean and fat mass, which has been shown to be more closely related to high BP than BMI. ABSI as a new body shape index has been used to predict CVD mortality in 4 European populations with HRs (95% CIs) per SD increase of 1.34 (1.26-1.44 ). 20 In this study, a positive association was also observed between ABSI and all cardiometabolic risk factors and CVDs both in univariate and multivariable models (P<0.001). However, in this study, ABSI did show this superiority over any other traditional obesity-related indices, which may be related to the distinct difference in body figures between Chinese and white people. Based on previous studies, the cutoff value of %0.5 for WHtR was considered properly for the Asian population. 40, 43, 44 Our study suggests a similar cutoff value (range, 0.49-0.52).
Study Strengths
The main strengths of the present study are the large size of the study population and standardized measures and high quality of data. We measured and compared detailed information of different anthropometric measurements of both the traditional and new-built indices in the same population, which presented a whole picture of the predictive values of all anthropometric parameters in a single Chinese population.
Study Limitations
Several limitations of the present study should be considered. First, our study used only baseline data from the PURE-China cohort, and cause and effect may not be inferred from this study alone. Our results only assessed the predictive abilities of anthropometric indices on prevalence and did not directly predict the prospective risk of cardiovascular events. Therefore, the results of the current study should be verified by further follow-up studies. In addition, we recognize that misclassification of disease diagnoses is a concern, as they were self-report and not further verified by medical record or available laboratory tests. This misclassification, however, was likely to be nondifferential, which led to an underestimation of reported associations.
Conclusions
This study suggests that there is a positive association of obesity-related anthropometric indices with cardiometabolic risk factors and CVDs. WHtR appeared to be a better indicator of dyslipidemia, hyperglycemia, and CVD risk than BMI, WC, HC, WHR, and ABSI. A growing body of evidence supports that avoidance of abdominal obesity is the prioritized primary prevention strategy for CVDs, along with control of other major CVD risk factors. # Abnormal blood pressure: Self-reported hypertension or SBP≥120 mmHg and/or DBP≥80 mmHg; || Abnormal blood pressure: Self-reported hypertension or SBP≥120 mmHg and/or DBP≥80 mmHg;
# Hyperglycemia: Self-reported diabetes or fasting blood glucose level≥ 5.6 mmol/L. *AUC = area under the receiver operating characteristic curve; † BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist-to-hip ratio;
WHtR: waist-to-height ratio; ABSI: a body shape index; Abnormal BP: abnormal blood pressure; CVDs: coronary heart disease or heart failure or other cardiovascular diseases (arrhythmia, valvular heart disease, cardiomyopathy and myocarditis); ‡ Models adjusted for socio-demographic (age, sex, regions, location and education levels), lifestyle (physical activity and daily energy intake) and medical history characteristics (family history of coronary heart disease or heart failure or other cardiovascular diseases); § Dyslipidemia: total cholesterol≥5.2 mmol/L or low-density lipoprotein cholesterol≥3.4 mmol/L or high-density lipoprotein cholesterol≤1.0 mmol/L or triglycerides≥1.7 mmol/L; || Abnormal blood pressure: Self-reported hypertension or SBP≥120 mmHg and/or DBP≥80 mmHg;
# Hyperglycemia: Self-reported diabetes or fasting blood glucose level≥ 5.6 mmol/L. 
